It is known that the lungs -are often affected in connective tissue diseases, including systemic sclerosis. In this condition the lung involvement is usually a progressive type of pulmonary fibrosis, the features of which have recently been reviewed by Weaver, Divertie, and Titus (1967) . The commonest symptom of pulmonary disorder is breathlessness on exertion. Various explanations have been offered to account for this in terms of disordered physiology, but such observations as timed spirometry, lung volumes, and transfer of carbon monoxide, performed at rest, cannot provide the full picture. There are relatively few studies on the response to exercise of patients with systemic sclerosis, and these have been concerned only with total ventilation and arterial oxygen saturation (Ritchie, 1964) .
We have studied a group of patients attending a routine rheumatology department, both clinically and by means of pulmonary function tests.
These included both conventional studies at rest and the response to graded exercise on a cycle ergometer. We have explained the use of a 'bloodless' exercise test at some length because it is a relatively new concept, and we have stressed the reassuring information it can give when normal. 
METHODS
All patients had systemic sclerosis diagnosed clinically with the characteristic skin changes and the other features described below. There were 11 patients, all but one of whom were women. The response to exercise was studied in all patients, timed spirometry was measured in 10, lung volumes in 9, and the transfer factor for carbon monoxide in 10.
The forced expiratory volume in the first second (F.E.V.1) and the relaxed vital capacity (V.C.) were gas was collected in a large Tissot spirometer over at least one minute. During the collection, end-tidal C02 was sampled at the mouth, and immediately after the collection the mixed venous Pco2 (PNCO2) was measured by the rebreathing method . The electrocardiogram was recorded throughout. In six of the studies, arterial 02 saturation was determined throughout by means of an ear oximeter (Atlas E.M. 54) using the technique of Lal, Gebbie, and Campbell (1966 Arterial blood lactate was measured in three subjects by the enzymatic method (Hohorst, 1957) .
CALCULATIONS
In order to simplify the analysis of the results, all values of F.E.V.1, V.C., T.L.C., and TLco have been expressed in absolute terms and as percentages of the normal values, predicted from the patient's physical characteristics by means of standard nomograms (Needham, Rogan, and McDonald, 1954; Cotes, 1965) suitably adjusted to B.T.P.S. Minute ventilation (VE), tidal volume (Vt), oxygen consumption (Vo2), and carbon dioxide production (VC02) were calculated by standard physiological methods.
The analysis of the bloodless exercise test has been fully described by McHardy, Jones, and Campbell (1967) and by Jones (1967) . The basis of this approach is that the difference between PVCO2 and mixed expired PCO2 (PECO2) consists of a portion governed by cardiac output (Q), i.e., Pvco2-arterial Pco2 (Paco2), and a portion governed by the dead space/ tidal volume ratio (Vd/Vt), i.e., Paco2-PECO2. These (Higgs, Clode, McHardy, Jones, and Campbell, 1967; and unpublished data) . The highest likely value for Q has been taken as the mean + 20% (i.e., +1 S.D.) and the lowest likely value for Vd has been taken as the mean-31 % (i.e., a value below which only 2-3% of normal subjects are found; this cannot be expressed in terms of standard deviations because the Vd is not related normally to the Vt). Besides the extreme range of values for each subject predicted from the data in this way, it is also possible to predict a likely solution from the end-tidal Pco2.
In subjects where airways obstruction is not a major problem, the arterial Pco2 can be related to the endtidal Pco2 and we have used a corrected value (Jones, McHardy, Naimark, and Campbell, 1966) to calculate the likely (. and Vd by means of the equations above. In studies when blood was taken, the actual values of Q and Vd were calculated.
Arterial oxygen saturation (Sao2), whether determined directly or from ear oximetry, was compared with the expected value calculated from alveolar Po2 by the method of Lal et al. (1966) . This information was also used to calculate the venous admixture ratio (Qva/Qt), i.e., the proportion of arterial blood effectively shunted past gas exchanging lung. The patients were also given 100% 02 to breathe for long enough to wash out the N2 from their lungs and the Pao2 at this time was used to calculate the 'anatomical' shunt, i.e., the portion of Qva/Qt not due to ventilation-perfusion imbalance.
When it was not measured directly, the rise in blood lactate was calculated by means of the balance equation for C02 described by Clode (1966) .
Because the results of exercise studies are more reliable at higher work levels, only the data obtained at the highest level for each patient will be presented.
RESULTS
The relevant physical characteristics of the patients are given in Table I . All the patients had skin manifestations of systemic sclerosis and all had secondary Raynaud's phenomena; three had calcinosis and six had telangeetasia. The duration Table   TABLE II II. The T.L.C. varied from 74 to 119% of the expected value for the subject (Fig. IA) . The patients represented by shaded columns or crosses in the figures presented a fairly uniform picture in terms of their response to exercise and also tended to have the worst conventional lung function of the group (Table III) : they are discussed fully later. The results for residual volume (R.V.) were similar and have not been shown in the Figure. The ratio R.V./T.L.C. was within normal limits for the patients' age with the exception of one (K. B.) in which it was 60%. The V.C. varied from 63 to 115% of the predicted and the ratio of the F.E.V.1 to the V.C. expresseed as a percentage was normal (above 70%) in all but two patients (Fig. 1B) . The absence of airways obstruction was confirmed in all nine patients in which it was measured by the finding of SGaw greater than 0-19 cm.H20-.sec.'l
The TLco was reduced in all patients except one ( Fig. 2A) . It fell to its lowest value in two patients, later shown to have gross ventilation/perfusion imbalance. When the results were expressed as the kco the differences were interesting (Fig. 2B) . It has been shown that the kco expresses the ability of the lungs to transfer CO in terms which are virtually independent of the alveolar volume (McGrath and Thomson, 1959) , and the normal value can be predicted from the subject's age. Five patients had normal kco values and five patients had low values of kco. The lowest value (50 0%) was obtained for E.C., who had the most severe desaturation and venitilation/perfusion imbalance on exercise. These results suggest that the ability to transfer CO was normal in relation to lung volume in five patients despite the low values obtained for TLCO.
At the highest work load achieved, the total minute ventilation (VE) was excessive in four patients (Fig. 3A) . Since the tidal volume (Vt) was usually normal (Fig. 3B) , this increase in ventilation was achieved by an increased rate of breathing. Oxygen consumption tended to be rather lower than expected (Fig. 4B ), but this is of doubtful significance. The respiratory exchange ratio (Vco2/Vo,=R) was high in most patients, irrespective of their other responses to exercise (Fig.   SA) . This was partly due to alveolar hyperventilation as shown by the low Paco, levels (Table III) (Table IV) . Four patients were thought to show marked change on initial exercise testing and blood studies in three of them gave a picture of relatively normal Q but a definitely increased Vd. One of these patients (B. Mc.) is represented by a line because we could not repeat the study with arterial sampling owing to the severity of her Raynaud's phenomena. This line illustrates the gross deviation from the normal range which was found in this group, and it contrasts with the lines for the relatively normal patients. It is less certain where the correct solution lies with such an abnormal line as this, but end tidal Pco, indicated a low normal Q and a high Vd. This woman showed considerable arterial desaturation on exercise (determined by ear oximetry).
The venous admixture ratio was calculated for all patients in whom arterial saturation was measured directly or from ear oximetry. This ratio was considerably increased in the three patients who desaturated most on exercise. All patients who had blood studies were given 100% oxygen to breathe until all the N, was flushed out of their lungs (determined from the expired gas analysis). The arterial saturation in these circumstances was used to calculate the 'anatomical' component of the venous admixture, which was found to be less than 50I, in every case.
DISCUSSION
The changes we have found in the conventional tests of lung function are similar to those described by previous investigators. It is generally agreed that the lungs are smaller than normal in systemic sclerosis, the vital capacity is reduced and the F.E.V.1, though reduced, occupies a normal percentage of the V.C. (Miller, Fowler, and Helmholz, 1959; Conner and Bashour, 1961 ; Adhikari, Bianchi, Boushy, Sakamoto, and Lewis, 1962; Hughes and Lee, 1963 ; Ritchie, 1964) . These changes are typical of the small lungs found in pulmonary fibrosis from any cause. Some observers have found an obstructive picture in a small number of their patients (Pariente, Khoury, Roger, and Brouet, 1967) and two of our subjects had an F.E.V., below 70%0. However, a direct measurement of specific airways conductance showed a normal airways resistance in our patients, so that their defect was purely restrictive.
In general terms we have confirmed the previous finding that the transfer factor for CO (TLco) is reduced in systemic sclerosis (Adhikari et al., 1962; Hughes and Lee, 1963; Catterall and Rowell, 1963; Ritchie, 1964 The bloodless approach to the study of exercise in the present paper has been fully discussed elsewhere McHardy et al., 1967 (Aquilani, Castagnoli, Crispo, and Zorin, 1967;  Ashba and Ghanem, 1965) . In some of our patients we are able to suggest possible causes for this inability to exercise.
Thus the four most severely affected patients all showed a similar response to exercise with a large dead space and relatively normal cardiac output. In addition, three of them also had a considerable venous admixture effect which became normal when breathing 100% 02. These changes indicate gross ventilation /perfusion imbalance. In the patient who did not desaturate, the changes could also be explained on the basis of pulmonary vascular disease, and it is interesting that this has been described in systemic sclerosis (Naeye, 1963) . All of these patients had a high ventilation on exercise and they tended to have the smallest lungs and least ability to transfer CO (Table III) . Previous workers have noted hyperventilation on exercise (Ritchie, 1964; Fuleihan, Kurban, Abboud, Beidas-Jubran, and Farah, 1968) , desaturation on exercise (Ashba and Ghanem, 1965; Aquilani et al., 1967) , and an increased venous admixture at rest (Fuleihan et al., 1968) . In the remaining seven patients we have not been able to explain their effort intolerance. In general the cardio-respiratory responses were within acceptable limits. It seems likely that prolonged immobility due to joint fixation adversely affected their ability to stress themselves. The elevation of blood lactate in many of these patients was generally similar to that seen in unfit normal subjects of the same age, but the high levels found in some of our patients might point to muscle involvement which has recently been noted in this condition (Thompson, Bluestone, Bywaters, Dorning, and Johnson, 1969) .
Previous observers have found little correlation between the clinical condition and the results of conventional lung function tests (Weaver et al., 1967; Ashba and Ghanem, 1965) . Although we have shown that the patients with the most abnormal response to exercise tended to have the most abnormal lung volumes, spirometry, and transfer ability for CO, we have been unable to correlate the clinical state with our physiological data (Table IV) . This may be due to the smallness of our series, or more likely it may result from the patients' general lack of mobility.
It is important to detect pulmonary involvement so that the patient may be guarded from the added dangers of bronchial infection. The simple screening tests of spirometry, TLCo and kco should best be supplemented by a bloodless exercise test to provide a realistic profile. 
